redundancy or specificity for a specific member of this family in the stress responses 20 remain to be addressed. 21 In this paper, we report the functional analysis of OsbZIP46, another member of the 22 third subfamily that has high sequence identity to OsbZIP23. This gene was also named indole-3-acetic acid (IAA) (Fig. 1A and B response-related cis-elements, such as ABRE element (9 hits), MYB recognition site (13 13 hits), MYC recognition site (10 hits), and one hit of DRE/CRT element (Fig. 1C) . In 14 addition, transient expression assays in rice protoplast suggested that the OsbZIP46-GFP 15 fusion protein was located in the nucleus; the nuclear localization was confirmed by its 16 colocalization with the CFP-fused nuclear protein GHD7 (Supplemental Fig. S2 ), 17 indicating that OsbZIP46 is a nuclear protein, consistent with the result obtained in onion WT Zhonghua11 at 0 and 1 µM ABA, but it was significantly lower than that of the 29 negative lines and WT at 3 and 6 µM ABA ( Fig. 2A and B increased. We also investigated the ABA sensitivity of transgenic plants at the 1 post-germination stage. The lengths of shoot and root of overexpression seedlings grown 2 for 2 weeks in 1/2MS medium containing 3 µM ABA were significantly shorter 3 compared with those of the negative lines and WT, but no difference was observed for 4 seedlings grown in the medium without ABA (Fig. 2C-E) . These results suggested that 5 overexpression of OsbZIP46 can increase ABA sensitivity at post-germination stages. 6 Together with the decreased ABA sensitivity of the mutant of this gene (Yang et al., 2011), 7 we propose that OsbZIP46 is a positive regulator the ABA signaling in rice. reproductive stages. At the seedling stage, the survival rate of overexpression lines was 17 lower than that of WT after drought stress ( Fig. 3A and B and its activity may be activated through the ABA signaling pathways. The negative effect of OsbZIP46 overexpression on drought stress tolerance prompted us 7 to check the transcriptional activity of OsbZIP46 because it was predicted to be a typical 8 bZIP transcription factor. First, we tested transactivation activity of OsbZIP46 in yeast. To confirm this, we generated a mutated form of OsbZIP46, which contains 120 amino (Fig. 4) . protein in rice. Therefore, transgenic rice overexpression OsbZIP46CA1 was generated 30 and tested for stress tolerance.
We first checked the sensitivity to ABA. As expected, the 1 OsbZIP46CA1-overexpression (CA1-OE hereafter) plants showed increased ABA 2 sensitivity just like the intact OsbZIP46 overexpressors (Fig. 5A ). We were more 3 interested in the performance of CA1-OE plants under drought stress. The CA1-OE lines 4 showed significantly increased drought resistance at both the seedling and reproductive 5 stages in contrast to the results of the overexpressor of full-length OsbZIP46 presented 6 above. At the seedling stage, the survival rate of CA1-OE lines was significantly higher 7 compared to the WT control after drought stress ( Fig. 5B and C) . At the reproductive 8 stage in the field, the results indicated that overexpression of OsbZIP46 can also improve 9 drought resistance ( Fig. 5D and E) . The water loss rate of the CA1-OE plants was 10 significantly lower than that in the WT and the negative lines (Fig. 5F ), which supported 11 the improved drought resistance phenotype. In addition, the CA1-OE lines were tested for 12 tolerance to osmotic stress in comparison with OsbZIP46-overexpression plants and the 13 WT Zhonghua11. We evaluated the osmotic tolerance by using relative shoot length of 14 plants as a criterion because the CA1-OE lines grew a little lower than the WT.
15
OsbZIP46CA1 overexpression had positive effect on the osmotic stress tolerance, 16 whereas OsbZIP46 overexpression had a slightly negative effect on osmotic tolerance 17 (Supplemental Fig. S6 ). Gene ontology (GO) analysis of the differently regulated genes in the two 8 overexpressors revealed that genes in several GO terms under the term "Biological 9 processes" were significantly overrepresented. The GO with the highest proportion of the 10 differently regulated genes is "Response to stimulus" (biotic, abiotic, and endogenous 11 stimuli, etc.), followed by GO terms such as "Signal transduction," "Protein 12 modification," "Transcription," "Metabolism," and "Biosynthesis' (Supplemental Table   13 S1). "Transcription factor activity" and "Nucleus" have the highest proportion of the 14 differently regulated genes under the "Molecular function" and "Cellular component," 15 respectively (Supplemental Table S1 ). Table S2 ). This implies that the increased 4 drought tolerance of CA1-OE may result from the up-regulation of these genes. 5 Interestingly, the differentially expressed genes only in OsbZIP46-OE (groups IV and V) 6 showed distinct trends of responsiveness to drought; most of the genes up-regulated in 7
OsbZIP46-OE showed drought-suppressed expression patterns, whereas most of the 8 down-regulated genes in OsbZIP46-OE showed drought-induced expression (Fig. 6D ). Table S5 ). This result may partially 13 explain the reason overexpression of OsbZIP46 resulted in decreased drought tolerance. Table   26 S5) and some of these genes were not induced or were significantly less induced by OsSAPK6, and OsSAPK9 (Fig. 7) . In vitro phosphorylation assay confirmed that 
CONCLUSION

21
We characterized a constitutive active form of transcription factor OsbZIP46. were determined by the growth of the transformants on the nutrient-deficient medium.
MATERIALS AND METHODS
29
Generation of Transgenic Rice Plants
3
The detailed procedure conducted was referred to the manufacturer's manual (Clontech). 
